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Abstract
The cashew gummosis caused by the fungus Lasiodiplo-
dia theobromae is one of the most important disease of
cashew in the northeast of Brazil. The lack of studies
about method of early detection, pathogen dissemina-
tion, host predisposition, mechanisms of attack and
defence and eﬃcient control measures assures this dis-
ease as a limiting factor as to growing of cashew under
semi-arid conditions. Therefore, the characterization of
spatial patterns of gummosis development under com-
mercial orchards may provide important insights into
the mechanisms involving in dissemination and disease
progress of this disease, as well as in the understanding
of dynamic of host, pathogen and environmental inter-
actions for this pathossystem. This work aimed to char-
acterize gummosis temporal and special dynamics in
three commercial orchards of cashew clones of cashew
with diﬀerent levels of susceptibility by studying the
special arrangement of diseased plants. Disease inci-
dence and severity, quantiﬁed determined by a descrip-
tive scale in clones BRS 226 (resistant), Embrapa 51
(slightly resistant) and Faga 11 (susceptible) in a com-
mercial orchard located in Pio IX district (Piaui state,
Brazil), were monitored and mapped. Data were col-
lected within three blocks of 90 plants for each clone.
Indices of dispersion were estimated to study the spa-
tial dynamic. The dynamics and structure of gummosis
foci were also analysed. As expected, data showed dif-
ferent degrees of gummosis incidence and severity for
the three clones. Even under diﬀerent levels of disease,
a random dispersion pattern model of dispersion could
be observed at the beginning of epidemic for all clones.
However, as disease develops, a clustered model is
likely to ﬁt. The increase in disease incidence resulted
from the increasing in both focus number and size.
Introduction
Cashew gummosis caused by Lasiodiplodia theobromae
(Pat.) Griﬀ. & Maubl. was ﬁrst reported early in 1990
(Freire 1991) and soon became one of the most impor-
tant disease of cashew (Anacardium occidentale L.) in
semi-arid northeastern Brazil. As a destructive disease,
cashew gummosis had drawn the attention of research
specialists for its potential adverse impact on cashew-
growing industry in Brazil.
Gummosis symptoms consist of trunk and woody
branch cankers and dieback. Cankers may eventually
ooze a gum-like resin. Dark brown-to-black region
above the bark, reaching the cortical layer of vascular
cambium, is seen when transverse or longitudinal cuts
are made in the trunk and woody branches (Freire
et al. 2002, 2004; Freire and Cardoso 2003). If canker
spread remains unchecked, it eventually leads to the
death of the whole tree. Diseased plants are observed
after 12 months from planting and are easily identiﬁed
on the orchard by slow growth, yellowing of branches
and bleeding cankers (Cardoso et al. 2004). Recom-
mended control measures are removal of infected
branches by pruning, surgical removal of cankers fol-
lowed by copper fungicide application. Cashew clones
resistant to gummosis have recently been identiﬁed
(Cardoso et al. 2006; Paiva et al. 2008).
Lasiodiplodia theobromae, the causal agent, is a well-
known opportunistic fungus, which has been found in
association with many plant species in the tropics and
subtropics (Punithaligam 1980).
Considerable progress has been achieved in the area
of spatial and temporal analysis of disease epidemics
over the last two decades (Campbell 1998; Madden
et al. 2007). Spatial pattern in plant pathology refers to
the arrangement of pathogens, diseased or infected
plants or other components of pathossystems in relation
to each other (Madden et al. 2007). Indeed, it is the ﬁrst
step in understanding ecological processes of plant dis-
ease as it relates to direct and indirect interactions
among pathogen, host, environment and man. The anal-
ysis of spatial patterns is an attempt to infer about
dispersal mechanisms as inﬂuenced by environmental
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factors. Therefore, it is critical to understand the mecha-
nisms of survival and spread of the pathogen, needed
for subsidizing strategies of diseases management.
Indices of dispersion or aggregation are a measure of
the degree of spatial aggregation in a population. The
variance : mean ratio (V⁄M) is the simplest index of dis-
persion and forms the conceptual basis for many other
indices (Campbell and Madden 1990). Expected
values of V⁄M of a population sample indicate either
regular (V⁄M < 1), random (V⁄M = 1) or aggregated
(V⁄M > 1) patterns as well as its degree of clustering of
diseased plants (Davis and Brown 1996; Nelson 1996).
Analyses of dynamic and structure of foci in a single
ﬁeld have been suggested as an alternative to simplify
the analysis of spatial data for describing epidemics
and to encourage the study of epidemics based on
populations of disease foci, rather than as populations
of diseased individuals (Nelson 1996). A focus has
been deﬁned as a set of diseased units such that, for
any unit in the set, one of its adjacent neighbouring
sites also is contained in the set, where an adjacent
neighbour site can be an adjacent site on the left, right,
up, down or one of the four diagonally adjacent sites
(Nelson 1996). Through this method, it is possible to
determine a reasonable number of epidemic descrip-
tors, such as focus number (FN), size and form. The
proximity index is deﬁned as focus size divided the
maximum row and column distances spanned by a
focus. Focus form may be used as an indicator of
focus compactness. Furthermore, these analyses may
complement information obtained from other spatial
analysis techniques (Jesus Junior and Bassanezi 2004).
This technique has been used to study the citrus varie-
gated chlorosis (CVC) (Laranjeira et al. 1998), citrus
canker (Bergamin Filho et al. 2001), citrus sudden
death (Jesus Junior and Bassanezi 2004) and verticil-
lium wilt of mint (Johnson et al. 2006).
As a cashew pathogen, however, L. theobromae has
only been described recently, thus studies on the spa-
tial and temporal dynamics have not been done yet.
Furthermore, neither the mechanisms of dissemination
nor the pattern of pathogen spread is known. Studies
on spatial and temporal patterns and analyses on the
dynamic and the structure of foci may contribute to
assess to unknown aspects of cashew gummosis under
epidemic pressure. The objective of this work was to
characterize patterns of spatial and temporal disper-
sion of cashew gummosis in three commercial clones
with diﬀerent levels of resistance to corroborate the
potential use of disease management practices.
Materials and Methods
The study area was located at a commercial farm
orchard in Piaui state, northeast Brazil (643¢S Lati-
tude, 4035¢W Gr, longitude and 730 m altitude), aver-
age temperature of 24C (ranging from 18 to 36C)
and average rainfall of 609.7 mm. The type of soil in
the area is Alic Yellow Latosol with pH of 4.1.
The spatial pattern of cashew gummosis was visually
monitored as incidence of symptomatic plants in three
cashew clones, namely, BRS 226 (highly resistant),
Embrapa 51 (moderate resistant) and Faga 11 (suscepti-
ble), between August 2003 and September 2007. Plants
were grown in a 7 · 7 m squared spacing. All plants
originated from clonal propagules grafted on rootstocks
produced from seeds obtained from open-pollinated
plants of the same commercial clone (CCP 06). Data
were collected from three sampling plots consisting of
90 plants each (i.e. nine rows of 10 plants). Disease eval-
uation started from the appearance of the ﬁrst symptom
and therein at bimonthly intervals. The location of each
diseased plant and the date when the symptoms
appeared were recorded and mapped. A disease severity
score (DSS) was also attributed to each plant accord-
ingly to a descriptive severity scale: DSS = 0, no symp-
toms; DSS = 1, small and few cankers on trunk and
branches, small cracks without gum exudation;
DSS = 2, larger, cracked cankers on trunks and
branches, reaching up to 1⁄3 of diameter, with little or
no gum exudation; DSS = 3, cracked cankers, larger
than 1⁄3 of diameter with abundant gum exudation; or
DSS = 4, cracked cankers completely girdling trunk or
branches, foliage yellowing, dieback and gum exuda-
tion; (Cardoso et al. 1998).
Dispersion index (D), which consisted of the V
(s2)⁄M (x) ratio, was estimated for each sampling plot.
Binary (presence⁄absence) spatial maps of gummosis
were prepared for all assessment dates for each plot.
For random patterns, D has an approximate chi-
squared distribution with n ) 1 degrees of freedom,
where n is the number of evaluated plants. Therefore,
values of D greater than the critical chi-squared value
indicate that the V⁄M ratio is signiﬁcantly larger than
1 and, thus, indicate aggregation (Hoel 1943; Upton
and Fingleton 1985). The sas package (SAS, Chapell
Hill, NC, USA) was used to calculate the chi-squared
statistic to evaluate goodness-of-ﬁt of the data to the
Poisson and negative binomial.
Based on maps of disease incidence, the analysis of
focus structure was performed for each plot, using the
method described by Nelson (1996) and Laranjeira
et al. (1998). It was considered only adjacent symp-
tomatic plants within rows and across rows belonging
to the same focus. Foci formed by only one diseased
plant were referred to as unitary foci.
Number of foci (NF), number of unitary foci
(NUF), mean number of plants per focus (NPF) and
maximum number of rows (lri) and columns (lci) in
the focus i were calculated for all assessment dates, in
each plot. The mean index form (MIF) and the index
of focus compactness (ICF) were estimated from those
data by Eqns 1 and 2, respectively.
MIF ¼
P lri
lci
 
NF
ð1Þ
ICF ¼
P NPFi
lci  lfi
 
NF
ð2Þ
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Results
Gummosis was ﬁrst detected at 19, 26 and 29 months
after planting (MAP) in cashew clones FAGA 11,
BRS 226 and Embrapa 51, respectively. Dispersion
indexes for all clones throughout 50 months of evalua-
tion are presented in Fig. 1. In the clone BRS 226,
occurrence was very low, and only in one of the three
plots, the disease showed a random dispersion pattern
of dispersion, accordingly to the dispersal index (D).
The disease slightly increased by 28 MAP, but at very
low levels during the following months of evaluation
in all three plots, never reaching 5% of occurrence
(Fig. 2) with no changes on dispersion pattern. In
Embrapa 51, the disease was observed in one plot by
29 MAP, but only after 44 MAP in all three plots.
Between 38 to 44 MAP, two of three plots already
showed an aggregated dispersion pattern, and by
55 MAP, these two plots changed to a uniform pat-
tern, clearing demonstrating changes in spatial
arrangement as epidemics develops. During most of
the monitoring time, however, a random pattern was
observed, and in one of three plots, there was no
change in spatial pattern after disease detection, during
the whole evaluation period. In the FAGA 11, the
disease was detected earlier than it was in the other
clones. By 19 MAP, symptoms were already observed
in all plots. A random dispersion pattern was observed
at the beginning of epidemics (5 months), then the
clustered pattern prevailed throughout most of the per-
iod of evaluation (Fig. 1).
Percentage of plants within each of the ﬁve gummo-
sis severity classes (0–4), during the evaluation period,
for each evaluated clone are presented in Fig. 2.
During whole evaluation period, the clone BRS226
showed only a small number of diseased plants, thus
most foci were composed of only one or two plant.
The NF and the NUF showed similar patterns as uni-
tary foci predominated, they directly inﬂuenced on the
shape of the curve (Fig. 3a1,a2). The clone Embrapa
51 also showed similar patterns for NF and NUF
curves (Fig. 3b1,b2), but they started to diﬀer by
55 MAP, when disease incidence reached 22%, NF
increased and NUF decreased. As new NUF emerge
by 51 MAP, an increase in the NF and reduction in
NPF were again observed. Later, foci started to merge
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Fig. 1 Gummosis dispersion index (D = s2⁄x) for three cashew
clones during the evaluation period (11–50 months after planting) in
the same orchard: BRS 226 (a), Embrapa 51 (b) and FAGA 11 (c).
Each point represents mean D arising from three plots of 90 plants
for each clone
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Fig. 2 Percentage of plants in each of the ﬁve gummosis severity
classes (0–4) for each evaluated cashew clone: BRS 226 (a), Embrapa
51 (b) and FAGA 11 (c). Evaluation period was from 19 to
50 months in the same orchard. Each bar represents mean percent-
age coming from three plots of 90 plants for each clone
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to each other thus both NF and NUF decreased, con-
sequently the NPF increased. Gummosis reduction
varied from 22% to 18.5% at 62 MAP, revealing a
type of resistant reaction by Embrapa 51 which is
depicted by healing of cankers. A coalescence of foci
was observed when disease proportion reached 14%,
as well as a reduction in NF and NUF and an increase
in NPF. Clone Embrapa 51 showed an intermediate
reaction to gummosis, as in general disease increase
with increase in NUF.
Clone FAGA 11 showed an increase in diseased
plants faster than in other clones (Fig. 3c1,c2). By
28 MAP, 20% of plants showed symptoms and NUF
was reduced by coalescence of foci.
The NPF showed a tendency to increase for clones
Embrapa 51 and FAGA 11 (Fig. 4).
The MIF and the ICF as related to disease progres-
sion are presented in Figs 5 and 6.
Discussion
Information on the spatial patterns of plant diseases
has been reported worldwide (Campbell and Noe
1985). Cashew gummosis is a relatively new and poten-
tially important disease in semi-arid growing region in
Brazil. In spite of the importance of this pathossystem,
very few scientiﬁc data has been reported on its epide-
miology (Cardoso et al. 1998, 2006; Freire et al. 2002),
therefore even basic questions such as mechanisms of
dispersal, movement of infectious units or source of
primary inoculum remain unknown. Early observa-
tions suggested that the fungus may be introduced into
the orchard by latent propagules presented in seed-
lings, scions or rootstocks of planting materials
(authors personal communications). This work is the
ﬁrst attempt to understand the mechanisms of gummo-
sis propagules dispersal by analysing the spatial pat-
tern of diseased plants.
Dispersion analyses based on the simple dispersion
index (D) seemed to be suﬃcient to describe the spatial
pattern of gummosis clone BRS 226. For the other
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Fig. 3 Gummosis progress, focus
number and number of unitary
focus for the cashew clones evalu-
ated: BRS 226 (a1 and a2),
Embrapa 51 (b1 and b2) e FAGA
11 (c1 and c2). The evaluation
period was from 19 to 50 months
after planting. Each bar represents
the mean incidence coming from
three plots of 90 plants for each
clone
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Fig. 4 Gummosis progress and number of diseased plants per focus
(NPF) for each of cashew clones evaluated: BRS 226 (a), Embrapa
51 (b) e FAGA 11 (c). The evaluation period was from 19 to
50 months after planting. Each bar (or dot) represents the mean
incidence (or NPF) coming from three plots of 90 plants for each
clone
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clones, even without a clear tendency in some observa-
tions, in general, that index adequately described the
disease spread, thus conﬁrming that early tests based
on V⁄M ratio are normally sensitive to aggregated
model, although may detect not randomized pattern
where other tests may fail (Greig-Smith 1983). Never-
theless, Laranjeira et al. (2004) raised a limitation of
this index as not capable of characterizing dispersal
patterns for CVC in three diﬀerent regions of Sa˜o
Paulo state in Brazil, even being superior to the one
based on Taylor power law (Laranjeira et al. 2004).
Ferreira (2006), working with Colletotrichum – coﬀee
pathossystem, obtained a D value close to, but diﬀer-
ent from the observed model on the map of disease
distribution.
In the present study, analysis based on dispersion
index showed a large diﬀerence on disease behaviour
among diﬀerent clones evaluated. In the BRS 226,
when the disease incidence was low, a random pattern
prevailed, while in the Embrapa 51, the pattern varied
from aggregated to random with prevalence to the
least. As for FAGA 11, disease started with a random
pattern, moving towards the aggregate one. These dif-
ferences slowed that diﬀerent host reactions can trigger
diﬀerent spatial and temporal patterns (Nelson 1996).
It is very probable that these diﬀerences are associ-
ated to the diﬀerent disease reactions by the clones
studied. Resistant reaction of BRS 226 early described
(Cardoso et al. 2006; Paiva et al. 2008) was conﬁrmed
(Figs 2–4). Clone Embrapa 51, which had no previous
known reaction, showed a moderate resistance as it
only reached approximately 20% incidence by the end
of evaluation period. Clone FAGA 11 clearly showed
a highly susceptible reaction.
Considering all tested clones, the random dispersion
model is the most appropriated one even considering
diﬀerences in the index of dispersion. This tendency
points out to the previous hypothesis that the patho-
gen is ﬁrst introduced via randomly infected planting
materials. Lasiodiplodia theobromae has been reported
as an endophytic fungus (Baird and Carling 1998;
Cilliers 1993; Mohali et al. 2005; Mullen et al. 1991;
Rubini et al. 2005) or as latent pathogen (Freire et al.
2004; Khanzada et al. 2004; Correa and Costa 2005;
Cardoso et al. 2009).
The data on focus dynamics show that for both
clones BRS 226 and Embrapa 51, the NF, the NUF
and the NPF increased with increase in disease inci-
dence, suggesting that disease enhance by both newly
developed foci and growth of foci. However, when
reaches 14% incidence, focus joined in Embrapa 51,
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Fig. 5 Gummosis progress and index of focus form (MIF) for cashew
clones evaluated: BRS 226 (a) Embrapa 51 (b) e FAGA 11 (c). The
evaluation period was from 19 to 50 months after planting. Each bar
represents the mean incidence coming from three plots of 90 plants for
each clone. Vertical bars correspond to MIF standard errors
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Fig. 6 Gummosis progress and index of focus compactness (ICF) for
the cashew clones evaluated: BRS 226 (a) Embrapa 51 (b) e FAGA
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thus FN was reduced. In the clone FAGA 11, similar
disease evolution occurred but earlier than with the
other clones.
All clones evaluated, although presenting diﬀerent
values of NF, NUF and NPF, which explains the dif-
ferent reactions to the disease, showed similar patterns
such as form of spread where NUF is the primary
assessment to increase. Therefore, the study of focus
dynamic corroborates the information provided by dis-
persion indexes. Unitary foci were responsible for the
starting out of the epidemics. Further, they become
source of inoculum to nearby plants.
The starting out of the epidemics was observed in
isolated plants, reinforcing the hypothesis of primary
way of transmission by propagating material similar to
what occurs with Colletotrichum – coﬀee pathossystem
in which dissemination is accomplished by seed
(Ferreira 2006).
The inverse relationship between NUF and NPF was
associated to the disease incidence, pointing out to the
contagious transmission from plant to plant after intro-
duction of disease into the orchard. Similar results were
obtained with Citrus sudden death (Jesus Junior and
Bassanezi 2004), where a random pattern of distribu-
tion in the beginning was followed by aggregation. Such
evolution was associated with a arthropod vector from
outside the orchard as the primary source of inoculum.
In the case presented here, the random pattern in the
beginning may be due to inoculum introduction via
planting material as stated before. Lasiodiplodia theo-
bromae has been associated to wound or stressed-weak-
ened plants (Britton and Hendrix 1986; Baird and
Carling 1998). Therefore, disease development is inevi-
tably as both stress factors are very common in the
semi-arid region where the work was conducted, espe-
cially after the ﬁrst economical yield, which occurs after
the second year (Cardoso et al. 2006). Secondary
spread from plant to plant may result via cutting
machinery or small animals such as birds and monkeys
(Olunloyo and Esuroso 1975; Punithalingam 1976;
Prakash and Raoof 1989; Tavares et al. 1994).
Focus form analyses showed diﬀerent temporal pat-
terns for the clones evaluated. Diseased plants along
rows predominate in BRS 226 and Embrapa 51, while
in FAGA 11, there was no clear evidence for this type
of focus shape (Fig. 5). This is likely to occur due to
the mechanism of penetration by machinery wound for
former clones and other additional ways for the sus-
ceptible FAGA 11. The transmission of this pathogen
through cutting machinery has been demonstrated
(Cardoso et al. 1998). Infection of FAGA 11 was
favourable by its susceptibility because the MIF was
diﬀerent from the other clones. The MIF had an isodi-
ametric form in most of observations when considered
below 30% disease incidence; above this, it was not
possible to establish a focus form (Fig. 5).
The focus compactness (ICF) decreased by increase
in disease incidence in FAGA 11, similarly to what
was observed in studies on citrus diseases (Laranjeira
et al. 1998; Jesus Junior and Bassanezi 2004). The ICF
for Embrapa 51 and BRS 226 increased to close to 1.0
as disease incidence increased. This might be conse-
quence of disease resistance of these clones, whereas
aggregation of diseased plants is low as greater number
of isolated diseased plants is observed (Ferreira 2006).
Results on the focus dynamics and structure for the
three clones evaluated showed diﬀerences which can be
associated with the level of resistance or susceptibility
to gummosis. A high density of susceptible plants
seems to be necessary for detailed studies on spatial
analysis as it favours disease development due the
enhancement of both the inoculum potential and the
rate of transmission of the disease (Carvalho and
Chalfoun 1998).
Based on the results presented, gummosis manage-
ment practices are resistant clones and preventing the
introduction of L. theobromae to crop production
areas such as pathogen-free propagative parts should
be emphasized. Hence, the applicability of this later
practice needs to develop a method of detecting and
cleaning the plant tissue.
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